ABSTRACT
The Entomology Section, 5 th Medical Detachment (MED DET) (Preventive Medicine) (PM), in coordination with the Department of Public Works (DPW), 8 th US Army-Engineers, conducted annual mosquito surveillance programs at US military installations in the Republic of Korea (ROK) in accordance with Army Regulation (AR) 40-5 (Department of the Army, 1990) . Mosquito populations and species distributions throughout the ROK, especially vector species, is of primary importance to US and ROK militaries since each expends substantial amounts of manpower and pesticides for mosquito control to reduce potential health risks to military personnel.
Currently, the primary mosquito-borne disease of greatest concern in the ROK is malaria. Malaria was regarded as officially eradicated in the ROK, until its reintroduction in 1993. Since the first case of vivax malaria was reported in 1993 (Chai et al., 1994) , malaria continued to increase in the northwestern area of Gyeonggi Province along the demilitarized zone (DMZ) . Most US military installations and training sites are located adjacent to rice paddies that are not under the jurisdiction of the US or ROK Armies. These mosquito habitats include rice paddies, parsley fields, ground pools, sewage and drainage ditches, culverts and irrigation ponds that are located mainly off the military installations. These habitats infrequently occur on military installations except during the rainy season. In addition to larval habitats, many of the rural installations are near swine and dairy farms that attract numerous mosquitoes. Yu and Kim (1989) provided valuable data on some biological agents used to control larvae. However, the use of biological and chemical agents by the Korean public and Public Health officials to control larvae is limited. Therefore, the development of an effective means for controlling adult mosquitoes on military installations is the primary focus of the US military mosquito control program. The 5 th MED DET instituted a "Trap Index" that establishes a baseline for initiating/conducting pesticide applications when numbers of female vector mosquitoes captured in a New Jersey (NJ) light traps exceed the threshold (Yi et al., 1988) . Although this method is associated with many inaccuracies, it serves as a valuable operational tool to reduce pesticide usage and environmental exposure. Pest control personnel (DPW) at selected US installations operate the NJ light traps, collect captured insects, and forward them by postal service to the 5 th MED DET for identification. Based on population densities of vector/nuisance species, the 5 th MED DET recommends whether pesticide application is warranted within two days after the samples are received.
The purpose of this paper is to present additional scientific data that increases our current knowledge of the seasonal abundance and geographical distribution of selected mosquito species captured at US military installations in the ROK. The recent outbreak of malaria in Korea is a reminder of the importance of maintaining this historical record of vector populations and seasonal trends.
MATERIALS AND METHODS
Seasonal distribution and abundance of mosquitoes were obtained from mosquitoes collected using New Jersey light traps installed at 22 US Army and 3 Air Force installations and 2 training sites, and CDC light traps baited with CO2 (dry ice) at two Air Force installations (Gunsan and Osan Air Bases) throughout the ROK. The traps located in 6 provinces and operated by local pest control personnel DPW, 8 th US Army-Engineers. Whenever possible, the light trap sites were selected at least 100 m from the nearest external light sources and 25-50 m away from multistory buildings. New Jersey light traps used a 25-watt, white frosted light bulb and were set approximately 1.5 meters above the ground surface. CDC light traps at Gunsan and Osan Air Bases were hung from a tree about 1.5 m above the ground and baited with CO2 provided by dry ice in an insulated, one-liter jug with an open pour spout. A piece of dichlorvosimpregnated plastic was placed in the light trap collection jars to kill the mosquitoes. The traps were operated between the hours of dusk and dawn (6:00 p.m. to 8:00 a.m.) 1-4 times weekly and the samples collected the morning after capture. The collected adults were sent to the 5 th MED DET, and identified under the dissecting microscope according to standard keys (Tanaka et al., 1979; Lee, 1998 Table 2 ). The majority of this species (69.4%) were collected from Gyeonggi Province, particularly from Munsan (38.3%) and Pyongtaek (31.1%) ( Table 3) . During May, populations of this species fluctuated (Table 4) , but by June populations steadily increased (29.8% of total catch). An. sinensis populations normally peak during July (50.1%) and declined in August (33.0%) and September (26.4%) when Cx. tritaeniorhynchus popula- (Table 2 ). Unlike An. sinensis, the majority of the specimens collected were captured in the southern part of the ROK (Gwangju, Gunsan and Pyongtaek) (Table 3) . Culex tritaeniorhynchus made its first appearance in May (⁄0.1%) and was collected in increasing numbers in July (4.3%) and trapped in large numbers during the period from August (46.8%) through September (55.5%). There was a sharp decrease from October (34.4%), with small numbers collected during late October (Table 4) . Lee and Ree (1991) studied the fluctuations of mosquito population densities of 7 different species collected at 18 different locations in Chollabuk Province from 1985 through 1990. In this report, the Cx. tritaeniorhynchus population densities showed large annual changes for different localities. Of concern are virus isolations made from Cx. tritaeniorhynchus where 14 pools of 4,281 mosquitoes were positive for Japanese encephalitis virus. Studies are being conducted to identify relative rates of mosquito infections from selected sites near US military installations (Turell, personal communication).
Culex pipiens mosquitoes are frequently collected, widely distributed, and composed of two subgenera, (Table 2) . It is a domestic mosquito, often associated with unsanitary conditions, breeding in stagnant water with high organic content (e.g., sewage ditches and pools of water), and frequently entering houses. It is probably the mosquito that most often bites humans in urban settings in the ROK. Based on light trap collections peak populations are bimodal occurring in June and October (Table 4) . Aedes vexans nipponii accounted for 18.2% of the specimens collected during both years (Table 2 ). In the ROK, this mosquito develops in rice paddies, ground pools and ponds in association with An. sinensis and Cx. tritaeniorhynchus. This species, although widely distributed throughout the ROK, was collected mostly in the northern part of Korea (Munsan, 59.5% of total catch). During mosquito surveillance with light traps at 25 sites from 1969-1971 in the ROK, Ree et al. (1973) reported the association of Ae. vexans nipponii with other species (e.g., An. sinensis and Cx. pipiens) and related seasonal population densities. Also, during 2000, a Tahyna-like virus (Bunyaviridae) was isolated from 1 pool of 4,334 mosquitoes. More work is being conducted to determine the specific virus and if infections result in human disease (Turell, personal communication).
The remaining species of mosquitoes were collected infrequently. The Genus Ochlerotatus, was elevated from the subgenus Aedes (Ochlerotatus), to generic level (Reinert, 2000) . Members of the Genus Ochlerotatus were collected infrequently in NJ light traps since they are daytime feeders (Ochlerotatus dorsalis, Oc. koreicus, and Oc. togoi). These species are currently considered to be nuisance pests and have not been associated with mosquitoborne diseases, to date, in the ROK.
CDC light traps baited with CO2 and NJ light traps vary in their attractiveness for capturing selected mosquito species (Burkett et al., 2001 were collected more 2.75 times more frequently collected in CDC light traps baited with carbon dioxide than in NJ light traps (Table 6) . These results are similar to that of Easton et al. (1986) and Acuff (1976) where carbon dioxide baited CDC light traps invariably collected nearly 2 times as many mosquitoes as NJ light traps. The 5 th MED DET developed a weekly "Trap Index" (TI) based on the number of female mosquitoes captured in NJ light traps that is used by other US Army Agencies in other parts of the world. An index of ten females per trap night for malaria vector species, An. sinensis or the Japanese encephalitis (JE) vector, Cx. tritaeniorhynchus, results in the initiation of control operations from August to October, while 25 female mosquitoes per trap night of these vector species were used during other periods of the surveillance period. Munsan, Pyongtaek, Gwangju and Gunsan areas recorded the highest TI of mosquitoes (Tables 1 and 5 ). Monthly TIs are reported only to provide an indication of the relative abundance of female mosquitoes occurring each of the months.
The Western Corridor, including Munsan and a number of army installations and training sites, reported the highest numbers of malaria patients among US military personnel. During 1999, the TI for An. sinensis was 27.7 compared to 2000 where the TI for the Munsan area was ¤2 times greater (57.4). The higher rates during 2000 are due, in part, to failed light trap collections and extensive flooding and high winds throughout Korea during the first two weeks of August as a result of typhoon Olga in 1999. Typhoon Olga had a greater impact on An. sinensis population densities with light trap collections accounting for only 36.3% of the total catch compared to 2000 where An. sinensis accounted for 48.9% of the total catch. According to Lee and Ree (1991) , the usual weekly fluctuation pattern of An. sinensis includes a first peak during the last week of June and first week of July and a second peak during the fourth or fifth week of August. As shown in Figure 1 , the pattern of seasonal abundance in 1999 was unusual. The population density of An. sinensis increased rapidly during the second week of July to 83.4 females/trap night (first peak) and decreased during the third and fourth week of July to 46.8-49.0 females/trap night. A late second population peak was observed during the third week of September (83.4 females/trap night) (Fig. 1) . The seasonal pattern in 2000 was different, due to the early occurrence of the hot season, with a small peak during the second week of July (86.5 females/trap night) and high densities sustained during the forth week of July. The highest peak occurred in the first week of August (164.3 females/trap night) after the wet monsoon season. During the second and forth week of August population densities decreased to 81.3-116.6 females/ trap night. Population densities reached the third peak during the first week of September (130.9 females/trap night) following heavy rains with a sharp decrease in capture rates from late September as a result of earlier than usual cooler temperatures. These results are variable and more closely coincide with mosquito surveillance conducted during 1997 and 1998 (Kim et al., 2000 (Kim et al., , 2001 . During 1999, two An. sinensis were positive for malaria antigen, one collected at CP Howze and the other at CP Bonifas (Panmunjom). During 2000, more than 26,000 Anopheles were assayed and none were positive for malaria parasites . Weather patterns vary throughout the Korean Peninsula and weather conditions may have a greater impact for some areas, affecting population densities and peaks. Mosquito surveillance provides the basis for mitigating mosquito control measures as population densities change. The effects of these measures, however, were not taken into account in this report, and may have impacted on seasonal peak population densities. However, recent preliminary data indicates that Ultra Low Volume (ULV) fogging had little effect on numbers of mosquitoes collected in Mosquito Magnets � or in human landing counts in the Munsan area (unpublished data) .
Standard practices to determine the effect of pest control measures based on pre-and post-surveillance have not been done. Mosquito surveillance that determines the effectiveness of control measures must be instituted for an effective malaria control program and are currently included in the US Forces Korea malaria plan. The 18 th Medical Command, in collaboration with Korea National Institute of Health, is working hard to develop an effective and efficient mosquito surveillance and abatement program that will benefit both the US military and ROK counterparts. Results for mosquito surveillance activities will continue to provide the basis for modification of the vector control plan to reduce vector populations and thus providing more protection to US military, civilians and Korean counterparts at US military installations and training sites.
